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# Search for New Particles Decaying in Dileptons/Dijets at the Tevatron — EPSO03

v/ ACCELERATOR PERFORMANCE

-] ACHIEVED:
® [Ldt/week~9pb™
® L~4.9e31cm™st = N(interactions/beam-cross)~1.5
[0 BY END SUMMER 2003: [£dt~280pb™
] LONG(ER)-TERM PLAN: MAJOR EFFORT TO IMPROVE p CHAIN

® INTEGRATE RECYCLER L —-> 3e32cm2s™!
® ENABLE ELECTRON COOLING : N (interactions/beam-cross) — 10
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Search for New Particles Decaying in Dileptons/Dijets at the Tevatron — EPSO03

V[ TEVATRON DETECTORS

CDF

[] 4 COVERAGE UP TO |n|~1.5
[l ELECTRON COVERAGE UP TO |n|~2.5
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[] ;4 COVERAGE UP TO |n|~2
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Si, SciFi,Preshowers o 5 10
+ New Electronics, Trig, DAQ
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# Search for New Particles Decaying in Dileptons/Dijets at the Tevatron — EPSO03

V[ NEwW PARTICLES DECAYING TO DIJETS — 1

] FOR MANY CLASSES OF NEW PARTICLES B.R.(X—7j) IS LARGE

[-] QCD BACKGROUND IS HUGE...

[] ...HOWEVER, ALL PARTICLES NARROWER THAN 03" (~ 0.1-My;)
® WILL BE RECONSTRUCTED EQUALLY WIDE

[] SAME LINESHAPE (SCULPTED BY 0j;) FITS ALL

] GENERAL PROCEDURE TO SET LIMITS ON o(pp—X) -B.R.(X—jJj) FOR:

AXIGLUONS A—qq ['A/2~0.05-My (CHIRAL COLOUR)
COLORONS C—qq ['c/2~0.05-M¢g (ETC — TECHNICOLOR)
EXCITED QUARKS q* —qg [y+/2~0.02- M- (COMPOSITENESS)
COLOR OCTET TECHNI-p pr—g—qq,gg [,./2~0.01-M,, (TECHNICOLOR)

Eg DIQUARKS D —ud I'p/2~0.004-Mp (STRING THEORY)
NEW GAUGE BOSONS Z'(W') —=qq")  T'y//2~0.014- My (VARIOUS)

RS GRAVITON G—aqd,gg I'g/2~0.06-Mc (RANDALL-SUNDRUM )
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# Search for New Particles Decaying in Dileptons/Dijets at the Tevatron — EPSO03

V[ NEW PARTICLES DECAYING TO DIJETS — 2

[] STARTING POINT: INCLUSIVE JET SAMPLES (Er >20, 50, 70, 100 GeV)
[] COSMIC CLEAN-UP REQUIRES Fir/v/XEr < 6

[[] TWO LEADING JETS (CONE 0.7, Ep~-CORRECTED) WITH: |1je] < 2

[[] REDUCTION OF QCD t-CHANNEL CONTRIBUTION: |cosf*| < 2/3

— 3 10 M T T T T T T T T T T T T T T T T T T T T T ]
S 10 § z °F 3
8 = CDF RUN 2 PRELIMINARY 2 - | CDFRUN2PRELIMINARY E
S .2 @ O - =
fé 10 g ﬁa o RUN2, \5=1.96TeV, 75pb? (,_,IJ) - ° DATA (BAND IS SYSTEMATIC UNCERTAINTY) =
zZ = 8~ —_
5 . _E 33 g RUN1, \5=180TeV, 106 pb™ % - LO QCD (PARTON LEVEL) + CTEQS3L =
= E & (@) 7 ]
O E » T - ]
L = C 3
21 e ﬁt |cos€*|Etanhw © N =
Q &3 z F -
8 10" $+ M 4 GeV 2 @ gE |RUN2 Ns=196Tev, 75pb* _—
© E e 33 — 136 € /C N - RUN 1, N5 = 1.80 TeV, 106 pb™* 3
10° & —— Z 4= —
= B E C 3
10° | Ocos®0<2/3, One <2 —D—:$: o 3 — =
“ = |Not corrected for resolution f :; 2 —
10 — o - __ .
E 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 \k 1 1 I/+ 1 1 $.-I 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I I__
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HIGHEST MASS EVENTS (M;~0.7\/s) PROBES x UP TO 0.7
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# Search for New Particles Decaying in Dileptons/Dijets at the Tevatron — EPSO03

V[ NEW PARTICLES DECAYING TO DIJETS — 3

[] (LO) QCD-INSPIRED BACKGROUND PARAMETRIZATION:

~(1—2)" PDF
do _ po(1 = M//s —p1M*/s)P? —> IgEHAV)IOUR
dM | jiet Mps - MIMICS QCD ME

[-] BACKGROUND PARAMETRIZATION FITS WELL ON DATA

Prob 0.6569
3 poO 1.31e+16 + 3.502e+15
S'10 .
> do _ oo L 1) pl 0.2793 + 0.1105
9 10° am mP® p2 4.815 £ 0.4319
2 p3 5.659 + 0.05742
zZ
g 10
=
8
o 1
(%)
-1
)]
€210
© -2
%10

[EnY
o .
&

CDF RUN 2 PRELIMINARY

—
®  DATA (75 pbY)
PARAMETRIC FIT
1 I 1 I 1 I 1 I 1 1 I 1

200 400 600 800 1000 1200 1400
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# Search for New Particles Decaying in Dileptons/Dijets at the Tevatron — EPSO03

V[ NEW PARTICLES DECAYING TO DIJETS — 4

-] ADD NARROW RESONANCE TO BACKGROUND PARAMETRIZATION:
® CDF DIJET MASS RESOLUTION DOMINATES THE LINESHAPE
® SHAPE PARAMETRIZED BY q° — qg THROUGH DETECTOR SIMULATION
® WELL REPRESENTED BY A 10%-CORE GAUSSIAN -+ LOW-M;; RADIATIVE TAIL

[-] BINNED MAXIMUM LIKELIHOOD FIT: oars 5 0o |
,U, i o Hi 0oz ¢ 0.006 | 0.004 T
[t 0.0l g r
E 0.005 F C
L H P H ’]’),,L' 0.008 0.00s E :#; 0.003 F
0.006 - 0.005 [ #” ! 0.002
n'L: OBSERVED EVENTS . 0.004 } 0.002 i i :: E
B S IN 72-TH MJJ BIN c S 0.001 F
Hi = N’L + CEN,L 000z L y 00T B
NORMALIZED TO 0 e o T T 0 s B0 750
SIGNAL X-SECTION x18" Moss (Gev/c?) Mass (Cev/c") 157  Mass (Gev/c)
BACKGROUND 003‘: - FEs O‘z F 03 [
PARAMETRIZATION 2% E o0 il: 025 ©
0.3 & E C
B | 025 L g
® ESTIMATE p;(Q o2 & N 02
2 £ b b
a95 OUé : +++ i 015 [ 0.15 5
e e : 0.1 F
® o5 FROM L(pi,a)daf| L(pi,a)da=0.95| o [ o1 :
A 0.05 f 0.05
¢.05 + ) 4 o £
g o FI o B 1
500 1000 500 1000 500 1000 1500
|Z| SET 95% CL LIMITS AS 0-95 :a95'aszgnal Mass (Gev/c™) Mass (Gev/cD) Mass (Gev/¢?)
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Search for New Particles Decaying in Dileptons/Dijets at the Tevatron —

V[ NEW PARTICLES DECAYING TO DIJETS — 5

NEW PARTICLE

95% C.L. EXCLUDED

MASS [GeV/c?]

AXIGLUONT
COLORON
EXCITED QUARK
TECHNI-p
Eg¢ DIQUARK

GAUGE BOSONS

200 < Ma <1130
200 < M < 1130
200 < M- <760
260 < M, <640
280 < Mp < 420
300 < My <410

T PREVIOUS CDF MEASUREMENT
120 GeV/c? < Ma (@ 95% C.L.)

104\\\\\\

Search for New Particles Decaying to Dijets

o.B (pb)

103

T T \LJH‘
. o

102

10

T ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ T \:
CDF Run 2 Preliminary (75 pb™)

Axigluon or Coloron -
/ 200<M< 1130 GeV Excluded A

Excited Quark
200<M<760 GeV Excluded

. Color Octet Technirho
A 260<M<640 GeV Excluded

300<M<410 GeV Excl. X

Es Diquark —>
280<M<420 GeV Excluded

95% CL Upper Limit
n,el<2.0, lcos®1<2,/3

Lo b b v b e b v by e |

L1
200

| | | N R
300 400 500 600 700 800 900 1000 1100
New Particle Mass (GeV,/c?)

LEADING ORDER MC (CTEQQL) + 1-LOOP s — RENORMALIZATION SCALE @Q pu = M
K-FACTOR APPLIED FOR NEW GAUGE BOSONS
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0.B(G —> dijets)(pb)

Search for New Particles Decaying in Dileptons/Dijets at the Tevatron

V[ NEW PARTICLES DECAYING TO DIJETS — 6

Search for RS Gravitons Decaying to Dijets

1045\ 1T L L ‘ T 1T ‘ T 17T ‘ T 1T ‘ T 1T ‘ L ‘ T 1T ‘ T IE
i CDF Run 2 Preliminary (75 pb™) |
s 95% CL Upper Limit |
105, _
R R Theory (LO x 1.3) ]
+ Randall=Sundrum Model E
102 E
10 4
1 E 4;“\ =
g G :
1 : 4'//;‘:\\ 7
_ N ~\

10 & 1p,4<2.0, lcos®1<2/3 Q. E
:\ L1 ‘ I ‘ I ‘ I ‘ I ‘ L1 ‘ L1 \“‘7 L1 ‘ \“r L \~W‘\ \:

200 300 400 500 600 700 800 900 1000 1100

Graviton Mass (GeV/c?)

Coupling k/Mg,

CDF Run Il Preliminary (75 pb™")

0.3 i T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T ]

n Randall—=Sundrum Graviton i

i 95% CL Excluded Region |

025 in dijet decay mode ]

0.2 B )

0.15 B )

- k/Mp;,~0.13 ]

0.1 B )

0.05 - )

O i 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ]
200 300 400 500 600 700 800 900

Graviton Mass (GeV/c?)

220 GeV/c? < Mg < 840 GeV/c* EXCLUDED @ 95% C.L. FOR k/Mp;, = 0.3

NEXT-TO-LEADING ORDER MC (CTEQ6L) — RENORMALIZATION SCALE @ u = Mg
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# Search for New Particles Decaying in Dileptons/Dijets at the Tevatron — EPSO03

VI NEW PARTICLES DECAYING TO DILEPTONS

[-] SSIGNALLED BY ANOMALOUS HIGH-M/y; RESONANCES
[1 MODELS PREDICTS B.R.(X—/¢T/~) AS A FUNCTION OF My
[[] DRELL-YAN, QCD AND EWK PROCESSES CONTRIBUTE TO BACKGROUND

[-] GENERAL SEARCH FOR DILEPTON BUMPS INTERPRETED IN TERMS OF:

NEW GAUGE BOSONS Z'—/(t¢{~  (VARIOUS MODELS)

RS GRAVITON G—/{¢t¢{~ (RANDALL-SUNDRUM)

[1 SET LIMITS ON o(pp—X) -B.R.(X—/1T/7)

[-] SEARCHES PERFORMED IN { = €, 4 CHANNELS

== [\lario Paolo Giordani 11 —



# Search for New Particles Decaying in Dileptons/Dijets at the Tevatron — EPSO03

V[ NEW PARTICLES DECAYING TO DIELECTRONS — 1

[-] STARTING POINT: INCLUSIVE HIGH-Pr ELECTRON SAMPLES

Er > 18GeV, |n| < 1.1 . TRACK @ L1 & L2
CDF [£dt = 72pb
Er >70GeV, |n| < 1.1

DO | Er >20GeV, || < 3.0 [£dt=50pb™
[] OFFLINE DIELECTRON SELECTION

Er(e1) > 25GeV, n| < 1.1 BC TRACK W/ Pr>13GeV/c
(e1) il < 1ls / /
Er(es) >25GeV, |n/<1l10or1<|n <3

DO | Er(e,e3) >25GeV, |n| < 1.1 0R 1.5< |n| <25

CDF

® ID SELECTION INCLUDES Ej.q/Eem, E/P, ISOLATION, SHOWER PROFILE y’
[-] BACKGROUND TREATMENT:
® Pr/vVEEr < 2.5 REDUCES W+jets

CDF
% QCD CONTAMINATION ESTIMATED BY REVERSING €1,€2 ISOLATION CUTS}

® QCD BACKGROUND FROM DIJET EVENTS ® ELECTRON FAKE-RATE ——> DO
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Search for New Particles Decaying in Dileptons/Dijets at the Tevatron — EPSO03

T
M

V[ NEw PARTICLES DECAYING TO DIELECTRONS — 2

CDF Run Il Preliminary

: 1 1o
103 3 » Daa E e
; [] Drell-Yan 910° B D@ Run Il Preliminary
[ ] QCD Background ls E
N 102 _ (] T, WW, WZ, tt 1o F t OBSERVED DATA
o : : : : | 210 | TOTAL BACKGROUND
> 112 E _ -1
3 J.Ldt=72pb1 = © J£dt=50pb
v 10 1 EYE
m [ ] -
5 ' g
g 1 :
10‘1 I I | I | I | | ! | I | I I I
100 200 300 400 500 600 700 800
1 Mee (GeV)
10 Mee [GeV/c?]  Newp  Nobs
100 200 300 400 500 ﬂ >~ 150 63.8 63
Dielectron Mass (GeV/c 2) DO 239 213

NO SIGNIFICANT EXCESS OBSERVED
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# Search for New Particles Decaying in Dileptons/Dijets at the Tevatron — EPSO03

[ NEwW PARTICLES DECAYING TO DIELECTRONS — 3

5 CDF Run Il Preliminary
10 [ T T T T T T T T T T ';3\
—— 0Br(Z'~ eq) limit (3% C.L.) L\JT, D@ Run Il Preliminary
m, -2
oBr(Z' - ee) LOx1.3 ol0 «95% C.L. LIMIT
= r —THEORY
10 } (SM coupling assumed) - “T’ B
~ | N ] 620 GeV/c?
g I
T 650 Gev/c® |
N 10° —
1 - [£dt=50pb™
\'\;l/ | SM COUPLINGS ASSUMED
% - 2c|)0 ' 3c|)o ' 4c|>0 ' scl)o ' 6(I)O ' 7(|)o ' 8(|)0
1 mass (GeV)
10 ]
\ 95% C.L. LIMITS ON POISSON PROCESS
-1 J
ll_ dt=72 pb ] ZISM_l,,;ke s e_|_e_
10-2 LE®¥DING ORDER MC (CTEQ5L) 4 K-FACTOR
200 400 600 800

) CROSS-CHECK: 0 - B.R.(Z — eTe™)
Z' mass (GeV/c) COMPATIBLE WITH CDF & DO MEASUREMENTS
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Search for New Particles Decaying in Dileptons/Dijets at the Tevatron

EPS 03

v NEwW PARTICLES DECAYING TO DIMUONS — 1

[-] STARTING POINT: INCLUSIVE HIGH-P; MUON SAMPLES

Pr > 18GeV/c?, |n| < 0.6 Jcdt = 72pb!

CDF ,
Pr > 18GeV/c?, 0.6 < |n| <1 [L£dt =56pb’

[-] OFFLINE DIMUON SELECTION

CDF | Pr(u, pz) > 20 GeV/c?, [n] < 0.6 OR 0.6 < || < 1

TRACK-STUB MATCHING QUALITY

® ID SELECTION INCLUDES <
Eem, Enas COMPATIBLE W/ MIP

-] COSMIC BACKGROUND REMOVAL:

® TRACK-BASED: “ATTACH’ MUONS TO BEAMLINE/VERTEX (dp, 2o
]

® TIMING-BASED: RELY ON TOF AND HADRON TDC INFORMATION

[[] OTHER BACKGROUNDS: ESSENTIALLY DY (QCD NEGLIGIBLE)

== [\lario Paolo Giordani
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Search for New Particles Decaying in Dileptons/Dijets at the Tevatron — EPSO03

he

V[ NEW PARTICLES DECAYING TO DIMUONS — 2

CDF Run Il Preliminary CDF Run Il Preliminary

2
o~ LI e e et st e s s s e s et 7 ~10 @ L L S . S S S S . s . e .
§ - —e—— Data ) @ g ——— 0.BR(Z' - uy) limit (95% C.L.J
8 - - DY Z->upu, DY Z->11, WW, WZ, tt = 0.BR(Z' - pp) (LO x 1.3)
Lo 10° = DY Z->T1, WW, WZ, tt 110 i (SM couplings assumed)
E - . T
S 1 N 2
S 1 = 455 GeV/c
W0 | o
1 3 o 1¢f E
ILdt =72pb " 3 :
! = 10 ;
“‘ I [ f ILdt =72pb
10_1 I|I |IIII|IIII|I 1 1 10-2I....I....I....I....I....I....I....I...
50 100 150 200 250 300 350 400 100 200 300 400 500 600 700 8002
Dimuon Mass (GeV/c °) Z' Mass (GeV/c )
M“/J, [GeV/Cz] Neq:p Nobs
CDF | > 150 52 4
CROSS-CHECK: 0 - B.R.(Z — ptu™) 95% C.L. LIMITS ON POISSON PROCESS

COMPATIBLE WITH CDF MEASUREMENTS , Lo
LM —tike — W 1
NO EXCESS OBSERVED
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Search for New Particles Decaying in Dileptons/Dijets at the Tevatron — EPSO03

T
M

VI NEwW PARTICLES DECAYING TO DILEPTONS — 1

[[] COMBINED DIELECTRON + DIMUON CHANNEL Z' SENSITIVITY

CDF Run Il Preliminary

N
T

CDF Run Il Preliminary

s T otz - nmiesoL) | 2 === SRE@ - ) Imi @5 CL) |
i P ' imi 0 [ ¥ — C. - imi % C.L.
2 0.BR(Z' - Il limit (95% C.L) | S | CBRG, o
~ 0.BR(Z' - I) (LO x 1.3) = ——— 0.BR(Z, - Il) (LOXL3)
1 (SM couplings assumed) 1 — 0.BR(Z," - ll) (LOx1.3)
10 3 10 3 0.BR(Z - Il) (LOx1.3)
N N 495 GeVic®
o : % 530 GeV/c
5 665GeVic” | g 545 GeVic? |
f f 575 GeVic? j
1 -1 l
10 | 10" |
i 1 i ]
_ ILdt =72 pb _J'Ldt =72 pb™
10-2 | N T SR A SR TR S T | PR PR | PR R TR | I S R S TR S S S | 10-2 Il " " " " 1 " " " " 1 " " " " 1 " " " N 1 " N h "
200 300 400 500 600 700 2300 300 400 500 600 700 800
Z' Mass (GeV/c ) Z' Mass (GeV/ ¢ 2)
SM-COUPLING Z’ Eg MODEL Z’

LEADING ORDER MC (CTEQ5L) + K-FACTOR
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# Search for New Particles Decaying in Dileptons/Dijets at the Tevatron — EPSO03

VI NEwW PARTICLES DECAYING TO DILEPTONS — 2

[-] COMBINED DIELECTRON + DIMUON CHANNEL RS-GRAVITON SENSITIVITY

1 CDF Run Il Preliminary 01 CDF Run Il Preliminary (72 pb '1)
| —— oBr(G 1) limit(95% Cc.L) | | | Randall-Sundrum Graviton
3 OBr(G - 1) PYTHIAXL3 ' 95% C.L. Excluded Region
10 - i L. €9 |
’ Randall-Sundrum Model : 0.08
i > | - in dilepton decay mode
= [235GeV/c X -
= 370 GeV/c | -
=10 550 GeV/c? T 0.06 |
1 = [
o <
20 |
b 0.04 T
-3
10
| J'L dt=72pb " 0.02} —
-5 |
10 . . . | ) ) ) | L L L L L L | L L L L | L L L L | L L L L
200 400 600 800 300 400 500 600

. 2
Graviton mass (GeV/c °) Graviton mass (GeV/c 2

LEADING ORDER MC (CTEQ5L) + K-FACTOR
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# Search for New Particles Decaying in Dileptons/Dijets at the Tevatron — EPSO03

[ CONCLUSIONS

[-] SEARCHES IN THE DIJET CHANNEL

® PROVIDED THE FIRST EXCLUSION BEYOND THE TeV LIMIT
® ALL LIMITS HAVE IMPROVED WRT RUNI SEARCHES...

® ...ALREADY WITH 75pb’!

[-] SEARCHES IN THE DILEPTON CHANNEL

® DIELECTRON CHANNEL AS SENSITIVE AS RUNI
~~» INCREASED CROSS-SECTION COMPENSATES FOR LOWER LUMINOSITY
) DIMUON CHANNEL PENALIZED BY TEMPORARY LOWER ACCEPTANCE

~» EXTENDED pu-CHAMBERS ACTIVATED ALMOST ONE YEAR AGO

[-] CDF & DO ACTIVELY PROBING BEYOND THE SM HORIZONS

== [\lario Paolo Giordani 10 =



# Search for New Particles Decaying in Dileptons/Dijets at the Tevatron — EPS03

VI SEARCHES FOR NEW PARTICLES — SYSTEMATICS

NEW PARTICLES — DIJETS

Systematic Uncertainty in Limit on Cross Section

IS
(@]

120 —

100 —

o]
o]
I

Percent Uncertainty in limit on ¢
)

o)
o
I

40

20

‘ T T T
@ Total

O Abs Energy Scale

V Background Param.

A Radiation (Tail)

¢ Energy Resolution

~ Luminosity

)

A

3 B
&

) ‘«"\/ -

VA

m—— N ARIO PAOLO (GIORDANI

1 1 1 1 1 1 1 v
0 200 400 600

¥ o564 &
800 1000 !
New Particle Mass (GeV/c?)

1200

NEW PARTICLES — DIELECTRONS

-]  LUMINOSITY 6%

[(] ENERGY RESOLUTION  1.9%-=3.5%

[(] ENERGY SCALE 0.9%+1.7%
TOTAL CDF ~ 9%

[-] K-FACTOR 5%

] Az/Az & PDF 2%+ 3%
TOTAL DO ~ 6%

NEW PARTICLES — DIMUONS

[(] LUMINOSITY 6%
[-] EFFICIENCY 6%
TOTAL ~ 9%
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Search for New Particles Decaying in Dileptons/Dijets at the Tevatron

— EPSO03

VI SEARCHES FOR NEW PARTICLES — RUNI vs RUNII

NEW PARTICLE

DECAY

CDF EXCLUDED MASS [GeV/c?]

RUN I

RUN II

AXIGLUON
COLORON
EXCITED QUARK
TECHNI-p

Eg DIQUARK

X =797

120< M <870

200 < Mg+ < 560
320 < M, <480

200 < M <1130
200 < Mc <1130
200 < Mg» < 760
260 < M. <640
280 < Mp < 420

GAUGE BOSONS
/
WSM—likze

/
ZSM—l'L’k:e

W' — jj

/ ee
7 —>££W

My <690 832
My, <595 200
M, <590 532
My, <620 259
M, <565 590
My, <6303250
M, <600 :50

300 < My, < 410
My <665 532
My, <530350
My < 545 330
My, <575 350
My, < 495 3588
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# Search for New Particles Decaying in Dileptons/Dijets at the Tevatron — EPS03

VI SEARCHES FOR NEW PARTICLES — PROSPECTS

CDF Run Il Preliminary

102; oBr(Z' - ee) prediction
% Prospective aBr(Z’' - ee) limits (95% C.L.)
10 ; (No systematic uncertainties)
G 690 GeV/c
: = 2
o 850 GeV/c
'-CD - )
110t 100 pb-l 1010 GeV/c
N[ l
=~ [ 500pb
B10°C
o F 2t \
_37 \
10 &
47\\\\‘\\\\‘\\\\‘\H\‘\\\\‘H\\‘HH‘\\\\

10
400 500 600 700 800 900 1000 1100 1200
Z' mass (GeV/c 2)

CDF Run Il Preliminary

0.1

0.09cProspective/Exclufied

0'08:*Region (9506 C.L

0.07
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Search for New Particles Decaying in Dileptons/Dijets at the Tevatron — EPS03

v/ SEARCHES FOR NEW PARTICLES — E¢ MODEL Z’

Eg —SO(10)xU(1) = SU(5) x U(1)y, x U(1)y = SU(B)cxSU(2), x U(1)y x U(1), x U(1)y

—

SM
U(1)y, U(1)yy «— TWO ADDITIONAL NEUTRAL VECTOR BOSONS (Zy, Zy)

MASS EIGENSTATES: Z'(6) = Zy cos8 + Z, sin 8

Z'(6) 0
Z', 0
7y, —7/2

Z; sin~!1/3/8
" | sin”'{/5/8
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